An estimated 20 to 30 per one million population sustain blunt traumatic aortic injury (TAI) each year, with an incidence of 0.3% nationally out of all trauma admissions. The majority of these are due to motor vehicle collisions, with a much smaller number being due to falls. 1, 2 The likely outlook for patients sustaining these injuries is overwhelmingly fatal, with 85% of patients dying from massive mediastinal and pleural hemorrhage at the scene. 3, 4 Because of associated injuries, those that survive long enough to arrive at a hospital have mortality rates as high as 54%. 5, 6 Traditionally, the gold standard for such lesions has been open operative repair, but over the past decade, a shift has occurred in which these patients are being treated more commonly with endovascular stent grafts with a lower rate of mortality. [7] [8] [9] Thoracic endovascular aortic repair (TEVAR) has also been shown to have lower rates of paraplegia. 10 However, nonoperative management has still been employed for as many as two-thirds of patients sustaining blunt thoracic aortic injury. 2 The data regarding this strategy are mixed, and some studies have shown that medical management results are associated with a higher mortality. 2 The majority of previous studies have been associated with urban trauma centers, where time from injury to definitive care is measured in minutes. The results of management strategies at a rural trauma center are less well known.
With this in mind, we examined our contemporary experience with medically-managed and surgically-repaired TAI. The purpose of this study is to review the natural history of TAI presenting to a rural trauma center, in which time to definitive care is greater than that of an urban trauma center.
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METHODS
Database and case selection. A cohort of patients presenting with blunt TAI to a rural level I academic trauma center from 2000 to 2009 was examined. The University and Medical Center Institutional Review Board of East Carolina University approved this study. The National Trauma Registry of the American College of Surgeons (NTRACS) was queried for all the trauma admissions to our institution who sustained TAI. NTRACS receives trauma registry data from participating center personnel on an annual basis. All data are collected and verified by the participating site. Patients who were admitted in the first half of our study time period, or prior to January 1, 2005, were classified as early patients. Those admitted after this date were classified as late patients. This separation was necessary as a result of the increased commercial availability of a thoracic stent graft. Computerized records were used to obtain patient demographic, comorbid, and procedural variables. Injury grade was determined after review of initial postinjury computed topography scans of the chest in consultation with a board-certified radiologist and was defined as follows: Grade I -intimal tear; Grade IIintramural hematoma; Grade III -pseudoaneurysm; and Grade IV -rupture with extravasation of contrast. 12 Injury location was noted as well, and recorded in a categorical manner.
Patient comorbidities were defined as:
• Diabetes mellitus: medical treatment of diabetes;
• Hypertension: medical treatment of hypertension;
• Hyperlipidemia: medical treatment of dyslipidemia;
• Tobacco use: recorded as both lifetime tobacco use and current use; • Coronary disease: medical therapy for coronary vascular disease or prior coronary revascularization; • Chronic obstructive pulmonary disease: prior diagnosis of obstructive pulmonary process or chronic medical therapy for such.
Trauma injury scoring system. Each patient's injuries were graded according to the Abbreviated Injury Scale (AIS). The AIS, developed in 1971 to assist the analysis of automobile crash victims, assigns a value of zero to five (five being the worst) for injury in each of the following anatomical areas: head/neck, face, chest, abdomen, extremities, and skin. An overall injury severity score (ISS) was then assigned to each patient. The ISS is calculated as the sum of the squares of the three worst AIS values.
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Medical management. The decision to pursue medical management versus surgical intervention was a multidisciplinary one, based on consideration of the entire scope of each patient's comorbid and injury profile by the trauma, cardiac, and vascular surgeons in consultation with a radiologist. Patients with an AIS value of 6 in any area other than the chest were not considered for surgical repair (SR). Patients with an AIS-Head of either 4 or 5 were not considered for SR if either the ISS was 60 or greater or if the aortic injury was in a location other than at the area just distal to the left subclavian artery. Furthermore, the ability of the patient to tolerate transport to the operating room was left to the discretion of the trauma surgeon. Patients were admitted to the trauma intensive care unit (ICU) under the direct care of a trauma surgeon boarded in surgical critical care. Hemodynamic monitoring was facilitated by the placement of arterial and central venous lines. Blood pressure and heart rate were tightly controlled with beta-adrenergic receptor antagonists. Pulmonary arterial catheter monitoring was used when deemed necessary by the critical care team.
Surgical treatment. All open cases took place in a cardiovascular operating room and were conducted under a general anesthetic. The aortic replacement took place via a standard left posterolateral thoracotomy. Patients were systemically heparinized, and underwent aortic replacement supported by atriofemoral bypass. Protamine sulfate was given to reverse systemic heparinization, and a combination of autologous and donor blood products was used as appropriate. In cases of TEVAR, preoperative case planning utilized computed tomography scan data. After dissection of the femoral arteries, the patient was systemically heparinized, and the stent graft was deployed per the devicespecific procedure. In the latter half of the study, as coincident with commercial availability of stent grafts, endovascular repair increasingly replaced open repair as the preferred method of surgical intervention in these patients. All surgical patients were managed similarly to patients managed medically (MM) prior to and after operative repair.
Outcomes. The following outcome variables were recorded for each case:
• Mortality: 30-day all-cause mortality;
• Aortic-related mortality: 30-day mortality directly related to aortic injury or operative repair of the aorta; • Paralysis: neurologic deficit with cord infarct secondary to trauma or operative intervention, diagnosed by magnetic resonance imaging; • Length of stay: total number of hospital days from injury to discharge; • ICU stay: total number of days in the ICU;
• Ventilator days: total number of days on mechanical ventilation; • Follow-up days: total number of days from injury to death, discharge, or the last follow-up visit.
Statistical analysis.
Patients were stratified into those that were MM and those that underwent open or endovascular SR. Results were analyzed using the Student t-test, or ⌾ 2 test as appropriate. A P Ͻ .05 was considered significant for all statistical analysis. Kaplan-Meier life tables were created, and survival was examined using log-rank analysis. These data were analyzed using SAS 9.1 software (SAS institute Inc, Cary, NC).
RESULTS
During the study period, 56 patients sustained blunt trauma resulting in TAI. Four additional patients were pronounced dead upon arrival to the emergency department. It is unknown how many patients sustaining TAI died in the field prior to arrival. Thirty-five patients (62.5%) were surgically repaired, and 21 (37.5%) were MM. Patient groups were well-matched with no significant differences in the following clinical variables: presence of hypertension, chronic obstructive pulmonary disease, diabetes, hyperlipidemia, or tobacco use. Significant differences were seen between the two groups, with the MM group being older, having a higher number of females, and a higher rate of coronary artery disease (CAD). There were no significant differences in the etiology of injury, ISS, or AIS score of the face, abdomen, extremities, or skin. The MM group had a significantly higher head AIS score, while the SR group had a significantly higher chest AIS score. There were no significant differences with regards to arrival temperature, Glasgow coma scale (GCS) score, or rate of hypotension, including both the rate prior to arrival and the rate upon arrival to the emergency department. The amount of time between injury and arrival to the emergency department did not demonstrate significant statistical difference (Table  I) . Although not significantly different, fewer patients managed in the MM cohort were admitted in the latter half of the study (early, 61.9%; late, 38.1%; P ϭ NS). Aortic injury grade between the two groups was not significantly different. The surgically repaired group had a higher rate of aortic injury located at the aortic isthmus (Table II) .
When analyzing outcomes, there was a higher rate of mortality in the MM group (42.9% MM, 5.7% SR; P Ͻ .01). Only one MM (9%) death was attributed to aortic injury, while the remaining eight (89%) deaths in MM were due to multi-system trauma. There was also one aorticrelated death in the SR group. The rate of aortic-related mortality was not statistically different between cohorts (4.8% MM, 2.9% SR; P ϭ .71). One patient in the SR group (2.9%), who underwent endovascular aortic repair (EVAR), was paralyzed after SR. This patient demonstrated a pseudo-coarctation physiology before repair. There was no difference in the number of days in the hospital, in the ICU, or on the ventilator between groups. The number of follow-up days also was not statistically different (Table III) . Thirty-day survival was 57% in the MM and 94% in the SR groups (P Ͻ .01; Fig) . paralysis, hospital length of stay, days in the ICU, or days on the ventilator. There was not a difference in the number of hospital days prior to intervention. Significant differences were found in the operative blood loss as well as the amount of blood, fresh frozen plasma, and Hextend given intraoperatively. The number of follow-up days was not statistically different. Within the SR group, a significantly larger percentage of TEVARs were performed in the second half of the study (early, 7.7%; late, 92.3%; P Ͻ .01; Table IV ).
DISCUSSION
Parmley et al reported in 1958 on a review of 296 cases of blunt TAI, describing aortography as the optimal method of diagnosis and prompt surgical intervention with resection and homograft replacement once the diagnosis had been made. 4 In 1994, a 20-year meta-analysis of the literature found a mortality rate of 32% among those that reached the hospital alive and a paralysis rate of 9.9% of the nearly 1500 patients who underwent open operative repair for TAI.
14 These significant mortality rates have been demonstrated with other nondegenerative aneurysmal pathologies and underscore the complexity of thoracic aortic intervention. [15] [16] [17] Even as recently as the first half of this decade, the published literature regarding endovascular repair of TAI was sparse. A 2006 review of TAI patients undergoing endovascular repair found that among 284 cases, endovascular intervention had mortality of 5.7% with a procedurerelated mortality of 1.5%. 18 In 2008, results published from the prospective multicenter trial from the American Association for the Surgery of Trauma (AAST 2 ) found that endovascular therapy had replaced open SR for TAI with lower mortality and paraplegia rates. 7 Certainly, there are still limitations to TEVAR such as endoleak, distal embolization, paraplegia, and stroke. Moreover, there have been reported cases of stent graft migration, rupture, and collapse. In the younger trauma patient, the aorta is often more narrow, and the arch more angulated, than the aneurysmal aorta of the more elderly for which such stents are intended. Moreover, life-long surveillance after TEVAR with computed tomography leads to significant radiation exposure and repeated use of iodinated contrast agents. [19] [20] [21] Nevertheless, it is clear that TEVAR has been adopted as the primary intervention for patients sustaining blunt TAI, owing to the dramatic improvement in safety profile compared to conventional aortic replacement surgery.
Few studies, however, have described how the issues unique to a rural trauma center might affect TAI outcomes. There are several unique factors associated with rural trauma care. First, the time from injury to definitive care is much longer in the rural setting as opposed to urban areas where patients have timely access to trauma care. The physical distances to definitive trauma care are often greater, geography and weather conditions often preclude the use of air medical transport, and ground transport is hampered by poor-quality roads. At some urban trauma centers, time to definitive care can be as few as 6 minutes. 11 In the rural setting, however, time becomes a major factor. It has been shown that pre-hospital deaths are twice as likely in the rural setting, and emergency department deaths are three times as likely. 22 Moreover, rural injury patients are more likely to be older and die at a greater frequency despite a lower ISS when compared to their urban counterparts. 23 In our study, however, only two of the 56 patients that arrived alive were hypotensive upon arrival. A lack of hemodynamic instability suggests a selection bias wherein unstable patients expired prior to arrival secondary to long transport times.
In our study, patients were stratified into two groups: those that were MM and those who underwent SR. The MM group was significantly older, had a higher rate of females, and had a higher rate of CAD. Female patients tended to be older than male patients (females, 52.8 years; males, 39.8 years; P ϭ .03). The MM cohort also had a higher head AIS, which given that this cohort was older and had a higher incidence of CAD, led to the decision for medical management, presuming that they would not be able to physiologically tolerate operative intervention. However, it is important to recognize that there was only one aortic-related mortality in each group (MM, 4.8%; SR, 2.9%; P ϭ NS). This finding should be interpreted with caution. The MM group represents a more medically ill and physiologically unstable group, some with an increased anatomical complexity of their aortic injury, many of who were deemed unsuitable for SR. Essentially, some patients were not offered surgical intervention if mortality secondary to other sustained injuries appeared highly probable. It is not our contention that MM should be advocated for all patients with blunt TAI, rather that careful case selection according to both the anatomic complexity of aortic injury and the severity of other injuries in these hemodynamically stable patients should guide the decision to proceed with SR, in order to minimize aortic-related mortality in both groups. This study demonstrates the successful implementation of such a strategy. Endovascular grafts were used to repair 60% of the SR cases. These cases did not demonstrate a significant change in overall mortality, ICU stay, ventilator utilization, or total hospital stay. TEVAR cases had a significantly lower blood product and plasma expander use because of the minimally invasive nature of the case. Again, the multisystem trauma nature of the population was the driving force for the clinical outcomes, but based on this series, TEVAR provides a similar efficacy for reduction of aortic-related mortality. Aligning with the aforementioned trend, a change from open to endovascular repair was observed at our institution over time. All but one of the TEVAR cases were done in the second half of the study, as the adoption of this technology became our preferred strategy because of the benefits noted above. This likely affected the lower rate of MM seen in the second half of the study. It will be interesting to see if this trend continues with the continued widespread adoption of endovascular therapy and the evolution of devices. One might speculate that the proportion of TAI patients deemed appropriate for SR may increase over time, because of the lower barrier of entry afforded to endovascular care. Of course, current literature and studies such as this do not address durability concerns.
The majority of deaths in this study were secondary to the effects of multisystem injury. Pate et al observed in 1995 that more than 90% of patients sustaining TAI had associated injuries. 24 The patients in our study had similar injury profiles. Of the nine patients in the MM group who died, eight succumbed to head injury, pulmonary complication, or infection. Only one patient in the MM group died as a result of his aortic injury. This patient exanguinated into the left chest from a free aortic rupture on the way to the operating room. Because he did not actually reach the operating room, he was considered part of the MM cohort. The one aortic-related mortality in the SR group was secondary to cardiac tamponade.
This study is limited because of its single-center retrospective nature. As mentioned, because transport times are prolonged, the most severely injured patients likely did not survive to reach the trauma center. Therefore, the patients that did arrive had aortic injuries that had already withstood a delay of intervention. Moreover, the selection of patients into treatment groups was, as previously stated, not randomized but entirely dependent on the anatomical complexity of patients' injury and physiological ability to tolerate operative intervention as well as the judgment of the physicians involved. Finally, the relatively small group of patients in this analysis put the conclusions at risk for a type II statistical error. 
CONCLUSION
These data provide two groups of patients with similar aortic injury grades to examine management of TAI in the endovascular era. The low aortic-related mortality in the MM group demonstrates that, in patients sustaining TAI who arrive without hemodynamic instability, it is not necessary to perform immediate operative intervention, allowing for medical management with provisional staged and well-planned endovascular treatment, rather than immediate SR. Furthermore, the low aortic-related mortality in both groups is an attestation to the importance of proper case selection when considering a patient for SR following blunt TAI. Nevertheless, as endovascular repair has become more available, there has been a trend toward a decline in the proportion of MM patients. These patients require aggressive critical care, management of their multisystem injuries, and proactive risk stratification in order to achieve such aortic-related outcome. outcomes associated with non-operative management in the setting of contemporary critical care and gives us the perspective of a rural trauma center. I also would like to commend the authors for studying and reporting outcomes on the patients managed non-operatively; this is an extremely important comparison group that is seldom analyzed in surgical cohort studies of this nature. They observed a high overall mortality rate (43%) in the medical management group, although mortality attributed directly to aortic injury was lower and not different from the group undergoing surgical repair. I have four questions related to your analysis.
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My first question is related to the relative frequencies of open versus endovascular repair in the surgical management arm. Over 60% of the patients undergoing aortic repair had open surgery. This ratio is the inverse of most recent reports, where endovascular repair has predominated. What is your current approach to selection of repair method, and is the predominance of open repairs in your group a reflection of injury patterns in your patient population physician preference, consultation patterns, or other factors? Did endovascular repairs predominate over the latter portion of the study period after the introduction of commercially available products?
You reported transport times as part of your analysis, and my next question is related to the effect that transport time has on your patient population and their subsequent long-term outcomes. I would hypothesize that a more rural delivery setting would entail a relatively longer time interval between injury and hospital arrival. Can you comment on how your mean hospital arrival time compares with those observed in more urban trauma systems, and what effect this has on the population of patients reaching your emergency department? Do longer arrival times translate into a higher degree of self-selection from the field, with a resultantly higher percentage of patients managing to survive the longer transport therefore ultimately destined to be survivors? Or, alternatively, do increasing transport times just yield patients who are sicker and further behind in their resuscitation on arrival?
My third question is related to management of patients with aortic injury who also have a traumatic brain injury. Caring for patients with this combination of injuries is particularly challenging because the pre-repair strategies of managing the aortic injury, beta-blockade, and blood pressure control are often in direct conflict with conventional management of elevated intracranial pressure. Interestingly, the single difference observed between the surgical and medical management arms of your study was the significantly higher head Abbreviated Injury Scale score in the medically managed patients. How did brain injuries factor into the decision to manage them non-operatively, and is the higher mortality in the medical management group therefore a reflection of selection bias based on brain injury? Is it your opinion that early endovascular repair in these patients would allow subsequent focus to concentrate on their brain injuries, and perhaps improve outcomes by removing the conflicting management of the aortic injury from the clinical decision making?
Finally, what happened to the patients managed non-operatively who survived their initial hospitalization? The long-term natural history of the unrepaired traumatic aortic injury is poorly understood. Can you provide us with any information on these patients' clinical course following their initial hospitalization? Did any of these injuries heal, and how many patients went on to be repaired electively post-discharge?
I would like to thank the Society for allowing me to discuss this very interesting manuscript, and congratulate the authors on an outstanding analysis.
Dr Michael M. McNally. In response to your first question regarding the higher frequency of open versus endovascular repair in our study, the greater number of open repairs simply is a reflection of consultation pattern. Initially, in 2009 when we started this study, all consultations were directed through the cardiothoracic surgery service, with the vascular service being contacted secondhand if needed, which led to a high number of open repairs. Currently, the trauma surgeons directly consult vascular surgery with these cases, which has led to an obvious rise in the number of endovascular repairs, and clearly is reflective in the latter half of the study.
Transport time and its effect on patient survival is an extremely important point in our study because of the lack of literature on this topic in the rural setting. To answer your question, there is a combination of both higher self-selection as well as a higher number of sicker, more under-resuscitated patients were studied in our rural patient population. Obviously, there is a selection bias for a longer transport selecting out survivors; however, of those surviving long enough to arrive to our tertiary care center, they are more likely under resuscitated than at an urban center, even though I do not have any specific objective data to support this notion. To expand upon this point, our study simply reports transport time from injury to tertiary care arrival, which averaged 188 minutes in the surgical group and 253 minutes in the medically-managed group. Comparison with urban centers is difficult because most studies only note time from injury to repair. For example, the 2007 AAST multicenter prospective study, which took part in predominately urban settings, described that time from injury until time to OR for early definitive repair was 10.2 hours. This time period from injury to repair is lacking in our data set.
As far as aortic injury versus brain injury, that is a great question, and it is always difficult to answer because of the conflict in the treatment strategies dealing with elevated intracranial hypertension treatment versus aortic injury treatment. Your question pertains to early endovascular repair, allowing the treatment team to concentrate on the brain injury. I think the potential for early intervention with an endovascular repair very well might allow the treatment team to then concentrate more fully on the medical treatment of head and brain injuries, possibly improving outcomes.
The clinical course of the medically-managed group of patients is something we are going to look at in our future studies. I do not have information on these patients' clinical course following their initial hospitalization. Our plan, initially right now, is to bring in this group of patients and get a follow-up CT scan. I think that really will be the interesting cohort to look at and see the long term outcomes in this select group.
